The problem synchronization for a class of uncertain drive-response chaotic systems with the parameter uncertainty and external perturbation is investigated. The sliding switching surface is designed by solving linear matrix inequality. For uncertain nonlinear functions in chaotic systems, and a robust adaptive controller is established based on sliding mode, which makes easy to design sliding mode controller. Finally, simulation examples are presented to demonstrate the application of the theoretical results.
0 B Introduction
Chaos synchronization has attracted much attention over the last few years since the pioneer work of Pechora and Carroll [1] . Chaos synchronization can be applied in different fields of physics and engineering systems such as secure communication, information processing, chemical reactions, power converters, biological systems, and other many fields [2] [3] [4] .
The Lorenz system is one of the paradigms of chaos due to it has bifurcations and chaos phenomena. Lü presented a unified chaotic system to bridge the gap between the Lorenz system and Chen system [5, 6] , which includes the Lorenz system and Chen system at two extremes, respectively. So, it is necessary to explore the synchronization of the uncertain unified chaotic systems. In the past decades, many studies have been conducted to investigate the synchronization of unified chaotic systems [4, [6] [7] [8] [9] [10] [11] [12] P . Up to dates, many effective control methods for chaotic synchronization have been proposed, such as active control [12] P , impulsive control [13] P , nonlinear and linear control [14, 15] P , adaptive control [4, 7, 16 ]P , and so on. In many practical engineering, lots of chaotic systems are inches advantages such as fast response, good transient performance, and insensitive to variation or external disturbances, so sliding mode controller is adopted in stabilization or synchronization of chaotic systems widely [8, 11, 16] . However, the nonlinear function in drive-response system is known in this reference. In addition, uncertainty and external disturbances is not considered in this research. Hence, the synchronization of unified chaotic system with uncertainty and external disturbances still need to be studied further.
Motivated by the above discussion, the paper addresses the robust adaptive sliding mode control of synchronization for drive-response unified chaotic systems; the unknown nonlinear function is also discussed in this paper. Based on the sliding mode control theory and LMI technology, a robust adaptive sliding mode controller is simple to construct. To this end, numerical simulations are presented to show the effectiveness and robust of the designed control scheme.
The rest of the paper is organized as follows. In section 2, describes the dynamics of unified chaotic system and the chaos synchronization problem. In section 3, based on sliding mode control, a switching surface is designed and the synchronization of the error dynamics system in the sliding mode is derived. Two examples are shown in Section 4. Finally, conclusions are presented evitable affected by external disturbance perturbation. Because of sliding mode control d in Section 5. Throughout this paper,
1 B System Description and Problem Formulation
In this paper, we consider the following unified chaotic systems:
(25 10)( ) (28 35 ) (29 1) .
R is state vector, and k is the system parameter with (1) is becomes the original Lorenz system. System (1) is the critical system with 0.8  k
. System (1) becomes Chen chaotic system for 1  k . Therefore, system (1) takes very important role in the investigation of the generalized Lorenz system family.
Consider the following drive system and response system, which states are denoted by x and y , respectively.
Drive system:
Response system:   
where 1 u and 2 u are sliding mode controllers such that drive system (2) and response system (3) can be synchronized.  p R is the external perturbation. The uncertain functions 1 d and 2 d are the uncertainties in response system, which including parameter uncertainty and external perturbation. Now, we define the synchronization errors between drive system (2) and response system (3) as:
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Then, the dynamical of the error system is obtained by subtracting (2) from (3) as follows:
where (25 10) (25 10) 0 (28 35 ) (29 1) 0 . 
Remark2.1. The nonlinear functions are assumed uncertain in drive-response systems, which are different from other unified chaotic system in reference [4, [6] [7] [8] 11] , so adaptive law of the sliding mode controller is designed basic on the unknown Lipschitz constants of uncertain nonlinear functions, which is different from the other proposed adaptive sliding mode control. So the designing method in this paper has some advantages than other sliding mode controller.
Under the Assumption 1, if we denote 1 2 max{ , }     , the following inequality is hold:
in (7), the parameter  is unknown. Let  denote the estimation value of  , and introduce       to denote the estimate error. According to dynamical error system (5), the whole designing idea is described as follows:
The control goal in this paper is stated as: a sliding mode controller with adaptive law of  will be designed such that states of the drive system (2) to synchronize with those of the response system (3), which results errors satisfies the following
2 B Adaptive Mode Controller Design Of Synchronization
In this section, synchronization of drive system (2) and response system (3) 
To ensure the occurrence of the sliding mode, the following adaptive sliding mode control scheme is proposed as 1 2
.
where
Consider the error system (5), the error system trajectory can converge to the sliding surface by using the adaptive controller (10) .
Proof. The following Lyapunov function candidate is considered: (1 )
. 
3 B Numerical Examples
Simulation results are proposed to verify and demonstrate the effectiveness of the adaptive sliding mode control scheme. The uncertainties in response system are chosen as follows:
the initial states of the drive system (2) are 1 (0) 1.
, and In Figure1, the dotted line denotes the states of drive system (2), and the solid line denotes the states of response system (3). From Figure 1 , the trajectory of error dynamical system (5) can converge to zero. The sliding surface ( ) 0  s t is shown as Figure 2 . The parameter law is shown as Figure 3 . As can be seen from these results, the proposed adaptive sliding mode controller (11) Figure 4 is the simulations results corresponding to the states of drive-response systems with.
1  k , which shows the synchronization errors go to zero rapidly. Figure 5 shows the time of sliding switching surface. The time response of adaptive law in controller (11) is shown as Figure 6 From the simulations results of Lorenz system and Chen chaotic system, we know that the adaptive sliding mode can be work well even if uncertain parameter and external perturbation. 
Conclusions
In this paper, a novel robust adaptive sliding mode controller proposed for unified drive-response systems with external perturbation. The sliding switching surface is designed by solving LMI, which make ones easy to design adaptive sliding mode controller. The simulations results have verified the effectiveness of the proposed method.
